This paper evaluates sealed hardware that meets the requirements of DOE-STD-3013, "Criteria for Preparing and packaging Plutonium Metals and Oxides for Long-Term Storage" [1] with respect to radioactive material (Type B quantity) transportation requirements.
I. INTRODUCTION -Regulations
A "Type B package" means a Type B packaging that, together with its radioactive contents, (plutonium in this case) is designed to meet the performance specifications of 10 CFR 71. Benefits from shipping the 3013 hardware as a component in a Type B package will be evaluated for three regulatory cases. The cases consider the 3013 hardware and plutonium as 1) special form radioactive material, 2) a packaging containment vessel, and 3) a form exempt from plutonium double containment. Each case will be evaluated to the requirements listed in Table  1 . A summary of overall packaging benefits will then be made. The level of container detail provided by the 3013 Standard is illustrated by the performance requirements and guidelines excerpted from the standard and listed below.
• Minimum design pressure of outer container shall be 699 psig (6.2.1 (5)) • ASME code or an alternative design code equal or superior to the intent of the ASME code shall be used for designing and manufacturing the outer storage container (for example ASME VIII with exceptions) (A. The requirements for special form and an indication of DOE 3013 compliance to the requirements are given in Table 2 . 
The 71.75 acceptance criteria for the above tests are 1) the test specimen not break or shatter when subject to the impact, percussion, or bending test, and 2) the specimen may not melt or disperse when subject to the heat test. After each test the leak tightness (1.3E-4 atm-cc/sec) or indispersibility of the specimen must be determined.
A. Impact Test Bare outer vessels with a variety of inner vessels were drop tested (bottom edge down and top edge down) onto an unyielding surface from 9 m. Damage caused to the containers was minimal with some denting and deformation. In all cases the 3013 outer vessel remained leak tight.
B. Percussion Test
The percussion test will impart loads on the 3013 vessel that are much lower than those during the 9 m impact test. Crush tests were conducted on vessels that are similar, but considered much more severe than the percussion tests required by 10 CFR 71. The crush tests used a pair of vessels -one as the target and one as the released can. The released can was dropped into the target can, resting on an unyielding surface, from a height of 9 m. The outer vessels remained intact and leak tight after testing.
C. Bend Test
The bend test is not applicable since the L/W = 10"/4.9" = ~2. The criteria to subject a special form specimen to the bend test is that L/W > 10.
D. Heat Test
The heat test is the most challenging test for the 3013 hardware. The test requires that the 3013 with representative non radioactive contents be heated to 800 o C and held for 10 minutes. The 3013 will pass the non-melting criteria, however a non-dispersion argument supported by the ASME code can not be made for units fabricated from 316L stainless steel (ss). It is feasible that units fabricated from higher strength 316 ss with ASME welds would meet the criteria. The heat test likely challenges the 3013 hardware beyond acceptable limits when the initial gas pressure in the vessel is the bounding value provided in the 3103 standard.
IV. CONTAINMENT
The criteria for leakage from Type B package containment is defined in terms of radionuclide release in 10 CFR 71.51. Containment vessel design is further defined in NRC Reg. Guide 7.6, "Design Criteria for the Structural Analysis of shipping Cask Containment Vessels", and containment vessel fabrication criteria given in NUREG 3854, "Fabrication Criteria for Shipping Containers" [2, 3] . A summary of design and fabrication criteria based on the ASME code is given in Table 3 . Table 4A and  Table 4B . Table 4A and Table 4B compares the 3013 with the ASME requirements of NUREG 3854. While the hardware is most probably capable of meeting the regulatory requirements of containment, it falls short of meeting the applicable national codes and standards. It is considered very unlikely that approval of a packaging design that does not meet the applicable codes and standards could be gained for a major shipping campaign. Table 5 lists the changes that would be required in order to bring the 3013 standard into compliance with the applicable national codes and standards. Perform a 40-in drop test by using a 6-in-diameter puncture bar. The 3013 outer and inner vessel configuration has already been approved by DOE for 50 year storage. A credible justification could be made that the 3013 consists of engineered vessels with appropriate quality assurance to allow exemption from double containment. In fact, the 3013 vessels are more robust (structurally) than a typical reactor fuel element. This exemption option should be further considered, and the 3013 testing, design, and ASME code comparison could provide the basis for the justification.
V. DOUBLE CONTAINMENT EXEMPTION
This evaluation was performed several years ago. Since then a revision to 10 CFR 71 has been approved which will include relief of the double containment requirement for other solid forms of plutonium (i.e. oxides).
VI. CONCLUSIONS
Although the 3013 vessels are engineered and quite robust, as demonstrated by testing, they do not satisfy the radioactive material transportation requirements (Type B) for special form or as a containment vessel. The best approach to take credit for the robustness of the 3013 is to ask for an exemption from double containment. The revised 10 CFR 71 effectively eliminates the double containment requirement.
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